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Abstract

Background: The Medicare population is increasing while the prevalence of obesity

remains high. Bariatric surgery is the most efficacious treatment of obesity and its

comorbidities. The objective of this investigation was to assess trends in utilization,

readmission, mortality, and cost of bariatric surgery in the Medicare population.

Methods: Utilizing the Medicare Provider Analysis and Review database, patients

with clinically severe obesity undergoing laparoscopic Roux‐en‐Y gastric bypass
(RYGB), laparoscopic sleeve gastrectomy (SG), and laparoscopic adjustable gastric

banding (LAGB) from 2011–2015 were identified. Trends in procedure selection,

readmissions, mortality, and cost were examined. A multivariable logistic regression

analysis to evaluate factors associated with readmission and mortality was

performed.

Results:Of the 73,718 patients identified, 53,949 (73%) of patients were enrolled in

Medicare due to disability, 19,191 (26%) due to age, and 578 (<1%) due to end

stage renal disease (ESRD). Utilization of SG increased (1% in 2011 to 61% in 2015),

while utilization of RYGB (68% to 32%) and LAGB (31% to 1%) decreased. Length of

stay (LOS) was highest after RYGB (2.54 days), and lowest after LAGB (1.32 days).

LOS decreased from 2.23 days in 2011 to 2.12 days in 2015. Thirty‐day read-
missions were 8.24% for the disabled, 5.5% for the elderly, 12.8% with ESRD. Odds

of readmission increased with black race, higher body mass index (BMI), and RYGB.

Readmission decreased from 8% in 2011 to 7% in 2015. Thirty‐day mortality was
0.22% in the disabled, and 0.28% in the elderly. Odds of 30‐day mortality increased
among men, those with higher BMI, some comorbidities, and those who underwent

RYGB. Cost of SG decreased while cost of RYGB increased.

Conclusions: Among the Medicare population, an increase in SG while a decrease in

RYGB and LAGB utilization was noted from 2011–2015. Readmissions and cost

have decreased, while mortality has remained low.
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1 | INTRODUCTION

The elderly population of theUnited States is expected to double to 88

million by the year 2050.1 Medicare, which provides health insurance

for people over the age of 65, also provides coverage for working‐age
people with disabilities and patients with end stage renal disease

(ESRD) on dialysis. According to theCenter forMedicare andMedicaid

services (CMS), in 2017 over 58 million people are enrolled in tradi-

tional Medicare or Medicare advantage health plans.2 As the elderly

population of the United States increases and the number of Medicare

enrollees continues to rise, health care utilization will also increase

substantially. This increase in health service use is potentiated by the

increase in health care utilization seen in people with obesity.3

According to the Centers for Disease Control and Prevention, 42.8%

of the elderly population (age ≥ 60) in the United States had obesity in
2017–2018.4 Obesity also disproportionally affects the disabled

population enrolled in Medicare services.5

Obesity related metabolic dysfunction, such as decreased in-

sulin sensitivity and increased intrahepatic triglyceride content, can

be improved with even modest weight loss.6 In the elderly popu-

lation, a number of randomized trials have demonstrated that

intentional weight loss in those with obesity leads to reduced

mortality.7,8 The lifestyle alterations required for sustained weight

loss are difficult to implement in the clinical setting, and unfortu-

nately weight regain is common.9–11 Bariatric surgery is the most

efficacious treatment of obesity and its related comorbidities.

Numerous trials have found that bariatric surgery outperforms

medical management alone for sustained weight loss and improve-

ment in obesity related comorbidities.12–15 Although long‐term data
are lacking, bariatric surgery appears to be safe and efficacious in

the elderly population.16–19 In 2006, CMS expanded coverage for

beneficiaries seeking bariatric surgery.20 Since then the number of

Medicare patients undergoing bariatric surgery increased

dramatically.19

It appears that practice trends in bariatric surgery have

dramatically changed over the last several years. Sleeve gastrectomy

(SG) has now overtaken Roux‐en‐Y gastric bypass (RYGB) as the
most common bariatric procedure performed in the United

States.21,22 This change in practice has further reduced the number

of readmissions after bariatric surgery in that time.21 Data evaluating

practice trends in bariatric surgery, particularly among Medicare

beneficiaries, remain limited. In a previous evaluation of the Medicare

Provider Analysis and Review (MedPAR) database from 2006–2009,

safety, mortality, and readmissions in the Medicare population were

examined, but SG was not routinely performed and therefore not

evaluated.19 Given the current emphasis on health care utilization,

cost, and readmissions, especially in the Medicare population,

determining current practice trends in bariatric surgery is critical to

forecast health care policy.

The objective of this study is to evaluate procedure selection,

safety, readmissions, and cost of bariatric surgery in Medicare ben-

eficiaries utilizing a population based approach. The hypothesis of

this investigation was that procedure selection would shift toward

increased utilization of the SG and safety, readmission, and cost of

surgery would decrease over time.

2 | MATERIALS AND METHODS

2.1 | Data and patients

A retrospective cohort study including patients aged 18 and older

undergoing bariatric surgery between 1 January 2011 and 31

September 2015 was performed using the MedPAR database. Based

on original reason for Medicare entitlement, patients were classified

into three groups, disabled, elderly, and ESRD. Types of bariatric

surgery were classified by using combination of International Clas-

sification of Disease‐9th Revision (ICD‐9) and Current Procedural
Terminology (CPT) codes. RYGB was classified using a combination of

CPT codes 43644 and 43645, and ICD‐9 code 44.38. SG was clas-
sified using a combination of CPT code 43775 and ICD‐9 code 43.82.
Laparoscopic adjustable gastric banding (LAGB) was classified using

CPT code 43770 and ICD‐9 code 44.95. Revision of gastric band
procedures were coded using CPT codes 43771, 43772, 34773, and

43774 and ICD‐9 codes 44.96, 44.97, and 44.98. Based on ICD‐9 and
CPT codes, we are unable to reliably discern if revision was for

complication or weight loss. Patient's body mass index (BMI) and

comorbidities were identified by using primary or secondary ICD‐9
diagnosis codes from the inpatient or outpatient claims of the bar-

iatric surgery admission. Mortality was identified by using the date of

death from the Medicare member file in conjunction with hospital

discharge status codes from inpatient claims.23,24

2.2 | Statistical analysis

Chi‐square tests were used to univariate analyses comparing patient
demographic characteristics, BMI, comorbidities, hospital read-

mission, and mortality rate among study groups. Kruskal–Wallis Tests

were performed to compare length of hospital stay (LOS) between

the groups.

Payments were defined as the total dollar amount paid by

Medicare for the patient's claim, represented as dollars of the cor-

responding year. “Adjusted procedure cost” was estimated using a

generalized estimating equation multivariable model with gamma

distribution, controlling for factors associated with medical expen-

ditures for the surgery, including patient's year of surgery, de-

mographics such as age, gender and race/ethnicity, BMI,

comorbidities, and hospital regions. These adjusted costs are pre-

sented as a ratio compared with the reference adjusted cost (i.e., an

adjusted cost ratio of 1.05 represents a 5% higher cost as compared

to the reference group.) Kruskal–Wallis Tests were performed to

compare these ratios among the groups listed.

Multivariable logistic regression models were used to examine

factors associated with 90 days mortality and 30 days hospital

readmission. The factors included were study group, type of
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procedure, year of surgery, age at surgery, age, gender, race, BMI,

and comorbidities (diabetes, gastroesophageal reflux disease,

hyperlipidemia, hypertension, coronary artery disease, congestive

heart failure, peripheral arterial disease, rheumatoid arthritis, chronic

obstructive pulmonary disease, chronic renal failure, cancer,

depression, sleep apnea, and smoking). Odds ratio (OR) with associ-

ated 95% confidence intervals (CI) were reported for the multivari-

able models.25 Reference groups for comorbidity OR are the groups

without said disease, such as patients with diabetes compared to

patients without diabetes. Statistical significance was evaluated at

p < 0.05. All statistical analyses were performed using SAS Version
9.4 (SAS Institute Inc.).

3 | RESULTS

3.1 | Patient characteristics

From 2011 through the third quarter of 2015, 73,718 overall bar-

iatric procedures in the Medicare population were captured.

Demographic data are presented in Table 1. Of patients enrolled in

Medicare, 53,949 (73%) were enrolled due to disability, 578 (<1%)
due to ESRD, and 19,191 (26%) due to age. The majority (84%) of

disabled patients were aged 35–64, the majority (81%) of ESRD pa-

tients were aged 35–64, and the majority (90%) of patients classified

as elderly were >65. Explanations for this group including patients
<65 include early enrollment based on birth date, and survivors
benefits at age >60.26 More women than men underwent bariatric
surgery across all patients. White patients were more represented in

this population.

Patient preoperative comorbidities are also presented in

Table 1. Hypertension was the most common comorbidity, pre-

senting in >80% of patients. This was followed in frequency by

hyperlipidemia. Diabetes affected 57% of disabled patients, 70% of

ESRD patients, and 61% of elderly patients. 67% of disabled

patients, 60% of ESRD, and 63% of elderly patients had a diagnosis

of sleep apnea.

3.2 | Procedure selection

Overall, 29,194 (40%) patients underwent SG, 37,443 (51%) patients

underwent RYGB, 6787 (9%) patients underwent LABG, and 294

(<1%) patients underwent revision of gastric banding. In 2011, 68%
of patients in the Medicare population underwent RYGB and 31%

LAGB. SG made up 1% of procedures in 2011. Over time, SG over-

took RYGB as the most commonly performed procedure in this

cohort (Figure 1). LAGB also steadily declined in popularity. In 2014,

61% of patients underwent SG, 37% underwent RYGB, and 1% un-

derwent LAGB. The trend of increased SG and decreasing RYGB and

LAGB continued up until the third fiscal quarter of 2015 (corre-

sponding to the adoption of ICD‐10 coding). Revisions of gastric band
remain from 0.35%–0.41% of procedures yearly in this cohort.

Procedural trend appeared similar between disabled, ESRD, and

elderly patients (data not shown).

3.3 | Length of stay, readmissions, and mortality

Overall in the Medicare population, mean LOS was 2.24 � 2.62 days

with a median of 2 days. A description of LOS trends among pro-

cedure types, groups, and over time is found in Table 2A,B. LOS was

on average the longest after RYGB (2.54 � 2.87 days), while LOS

after LAGB was the shortest (1.32 � 1.77 days) The elderly group

demonstrated the shortest LOS, with a mean of 2.10 � 2.12 days.

Mean LOS decreased from 2.23 � 3.10 in 2011 to 2.12 � 1.98 days in

2015. Further breakdown of these trends can be noted in Table 3A.

Trends in 30‐day readmission rates are presented in Table 2C,D.
Full details of 90‐day readmission rates can be noted in Tables 3C, 4,
and 5, and demonstrate the same trends. For all years, 8% of disabled

patients were readmitted at 30 days and 13% were readmitted at 90

days. For ESRD patients, 13% were readmitted at 30 days and 21%

were readmitted at 90 days. For elderly patients, 6% were read-

mitted at 30 days and 9% at 90 days. Rates of readmission decreased

over time, with 8% of patients readmitted in 2011, and 7% of patients

in 2015.

In patients with disability, 30‐day and 90‐day readmission rates
were 7% and 11% respectively for patients who underwent SG. In

these patients, RYGB readmission rates were higher (10% 30‐day
readmission and 15% 90‐day readmission) and LAGB were lower at
all time points (5% 30‐day readmission and 9% 90‐day readmission).
For patients with ESRD, 30‐day and 90‐day readmission rates were
12% and 19%, respectively, for patients who underwent SG. RYGB, in

these patients, had readmission rates of 15% at 30‐days and 25% at
90‐days. For elderly patients, SG readmission rates were 5% at 30
days and 8% at 90 days. In this patient cohort, RYGB had higher

readmission rates (7% 30 days and 10% 90 days), and LAGB had

lower readmission rates (4% 30 days and 6% 90 days).

Multivariable logistic regression analysis was performed to

assess for these factors associated with 30‐day readmissions

(Table 6). Factors associated with higher 30‐day readmissions

included patients with disability (as compared to elderly patients),

younger age (18–34 compared to age>65), black or other races (as
compared to non‐Hispanic white), BMI ≥ 45, and patients with the
comorbidities listed in Table 6, excluding hyperlipidemia. Factors

associated with lower likelihood for readmission was SG and LAGB

(as compared to RYGB), later year of procedure, and among men, as

compared to women.

Thirty‐day mortality rates are shown in Table 2E,F. Further
breakdown of these groups as well as 90‐day mortality rates may be
found in Tables 3E and 7. Because the MedPAR database does not

report findings when there are <11 patients, mortality for patients
with ESRD were unable to be analyzed. For patients with disability,

30‐day mortality was 0.22% and 90‐day mortality was 0.33%.
Patients with disability undergoing SG, mortality was 0.15% at 30‐
days and 0.23% at 90‐days. RYGB mortality rate in this group was
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TAB L E 1 Patient characteristics
Patient Characteristics

Disabled (n ¼ 53,949) ESRD (n ¼ 578) Elderly (n ¼ 19,191) p‐valuea

Age

18–34 4659 (8.6) 93 (16.1) <11 (0) <0.0001

35–64 45,514 (84.4) 469 (81.1) 1866 (9.7)

≥65 3776 (7.0) 16 (2.8) 17,325 (90.3)

Sex

Men 13,120 (24.3) 237 (41.0) 6066 (31.6) <0.0001

Women 40,829 (75.7) 341 (59.0) 13,125 (68.4)

BMI

35–39 8233 (15.3) 87 (15.05) 4908 (25.6) <0.0001

40–44 13,729 (24.5) 177 (30.6) 6506 (33.9)

45–49 11,135 (20.6) 151 (26.1) 4049 (21.1)

50–59 13,253 (24.6) 133 (23.0) 2839 (14.8)

>60 6709 (12.4) 30 (5.2) 448 (2.3)

<35/Unknown 890 (1.65) <11 (0) 441 (2.3)

Race

White 38,805 (71.9) 280 (48.4) 17,611 (91.8)

Black 11,416 (21.1) 213 (36.9) 1002 (5.2)

Other/unknown 3728 (6.9) 85 (14.7) 578 (3.0)

Comorbidities

Diabetes 30,489 (56.5) 405 (70.1) 11,601 (60.5) <0.0001

GERD 34,441 (63.8) 321 (55.5) 11,320 (59.0) <0.0001

Hyperlipidemia 34,459 (63.8) 409 (70.8) 14,518 (75.7) <0.0001

Hypertension 44,240 (82.0) 562 (97.2) 17,377 (90.6) <0.0001

CAD 8316 (15.4) 157 (27.2) 4442 (23.2) <0.0001

CHF 5672 (10.5) 136 (25.5) 1620 (8.4) <0.0001

PVD 1879 (3.5) 43 (7.4) 723 (3.8) <0.0001

COPD 21,248 (39.4) 131 (22.7) 5009 (26.1) <0.0001

Smoking 7095 (13.2) 44 (7.6) 619 (3.2) <0.0001

Depression 22,486 (41.7) 142 (24.6) 5168 (26.9) <0.0001

OSA 36,187 (67.1) 345 (59.7) 12,053 (62.8) <0.0001

Charlson Comorbidity Index

0 11,211 (20.8) <11 (0) 4307 (22.4) <0.0001

1 17,432 (32.3) 0 6923 (36.1)

2 10,670 (19.8) 97 (16.8) 3335 (17.4)

3 5938 (11.0) 122 (21.1) 2047 (10.7)

4 8698 (16.1) 344 (59.5) 2579 (13.4)

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CHF, congestive heart failure;

COPD, chronic obstructive pulmonary disease; ESRD, end stage renal disease; GERD,

gastroesophageal reflux disease; PVD, peripheral vascular disease; OSA, obstructive sleep apnea.
aChi‐square test.
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0.30% at 30 days and 0.43% at 90 days. For elderly patients, overall

mortality was 0.28% at 30 days and 0.37% at 90 days. For elderly

patients undergoing SG, mortality was 0.25% at 30 days and 0.33% at

90 days. In this patient cohort, RYGB mortality rate was recorded as

0.34% at 30 days and 0.46% at 90 days. Over time, mortality rates

remained similar overall, with a rate of 0.29% in 2011 and 0.23% in

2015; year of procedure was not a significant factor associated with

mortality as noted below in the adjusted analysis.

Multivariable logistic regression was performed to analyze fac-

tors associated with 30‐day mortality (Table 8). Factors associated
with lower likelihood for mortality included LAGB and SG (as

compared to RYGB), lower age, and patients with reflux or depres-

sion. While factors which are associated with higher likelihood for

30‐day mortality include men, as compared to women, BMI ≥45, and
the comorbidities of congestive heart failure and chronic renal

failure.

3.4 | Cost

After controlling for patient's year of surgery, demographics such as

age, gender and race/ethnicity, BMI, comorbidities, and hospital re-

gions, the differences in cost of surgery can be seen among the

procedure types. Results of adjusted cost ratio analysis are shown in

Table 9.

The procedural cost of SG decreased while the procedural cost of

RYGB increased for the Medicare population over the time period of

interest (Figure 2). In 2011, mean cost for SG was $24,726; in 2012,

mean cost was $13,212; in 2013, mean cost was $11,943; in 2014,

mean cost was $11,893; and in 2015, mean cost was $12,149. Mean

cost of RYGB was $13,558 in 2011, $13,751 in 2012, $14,236 in

2013, $14,084 in 2014, and $14,365 in 2015. LAGB mean cost was

$9263 in 2011, $10,651 in 2012, $10,913 in 2013, $10,593 in 2014,

and $10,092 in 2015. The cost of surgery was estimated by using the

Payment Amount variable from inpatient claims which are the

Medicare reimbursement amount to institutional providers for the

entire hospital stay for the surgery.

Factors associatedwith cost of procedure are displayed in Table 9.

Factors associated with higher cost included later year of procedure,

men, as compared to women, black or other race (compared to non‐
Hispanic whites), west region (compared toMidwest), and higher BMI.

Factors associated with lower cost include SG, LAGB, or revision of

gastric band (compared to RYGB), and northeast or southern region

(compared to the Midwest). Cost for SG was 13% lower overall, as

compared to RYGB, as noted by an adjusted cost ratio of 0.87 (95% CI,

0.86–0.87).

4 | DISCUSSION

In this cohort of Medicare beneficiaries, a shifting trend in procedure

selection was noted favoring the SG compared to RYGB from 2011 to

the first three calendar quarters of 2015. In this time, readmissions

have decreased. Patient specific trends when comparing patients

with disability, elderly patients, and patients with ESRD in procedure

selection, morbidity, and mortality were characterized. Lastly, there

was a decrease in the cost of SG overtime and a concomitant increase

the cost of RYGB.

The Medicare population represents an expanding cohort of

patients with specific medical challenges and needs. This group

currently constitutes 16% of the US population.2 Reflecting similar

trends in the general population, procedure mix has changed signif-

icantly from 2011 to 2015, with SG becoming the predominant

procedure performed in the year 2013.21,22 This timing also logically

follows the CMS announcement of SG coverage in 2012.27 RYGB had

been the most common procedure as of 2009.19 SG and RYGB have

similar short and medium term outcomes.12,28 This likely underlies

the increase in SG procedures in this population, as complications

seem to be lower after the more straightforward SG procedure.29,30

More recent long‐term studies have demonstrated that T2DM

remission and weight loss are likely to be lower in SG than RYGB.31,32

Benefits to long‐term cardiovascular risk and overall survival have

been demonstrated in RYGB however, due to the relatively recent

development of this procedure, have not yet been extended to SG.33

It is unclear if these recent findings will alter procedure trends in the

future.

The safety of bariatric surgery in this high‐risk patients is
debated. Most single institution studies have identified bariatric

surgery to be safe in elderly patients.34,35 Our findings confirmed this

conclusion. A median length of stay of 2 days, and readmission rates

of 6% at 30 days and 9% at 90 days are similar to outcomes in the

non‐Medicare population.36,37 However, it is important to note that
mortality in elderly patients was found to be 0.28%, which is above

the currently reported mortality rates in all patients (most recently

reported as 0.1% in SG and 0.15% in RYGB).38 More in‐depth analysis
is necessary to evaluate the efficacy of bariatric surgery, including

weight loss and resolution of comorbidity, in the elderly population.

However, on the basis of single institution and small database

F I GUR E 1 Procedure selection among the Medicare
population. Abbreviations: RYGB: Roux‐en‐Y gastric bypass; SG:
Sleeve Gastrectomy; LAGB: Laparoscopic Adjustable Gastric

Banding
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TAB L E 2 Outcomes in bariatric surgery among patients of the Medicare population

A. Length of stay

Alla Disabled ESRD Elderly p‐valueb

All 2.24 � 2.62 2.28 � 2.59 2.54 � 2.09 2.10 � 2.12 <0.0001

SG 2.06 � 2.31 2.10 � 2.45 2.27 � 1.35 1.94 � 1.93 <0.0001

RYGB 2.54 � 2.87 2.56 � 2.67 3.24 � 2.93 2.46 � 3.42 <0.0001

LAGB 1.32 � 1.77 1.34 � 1.55 1.53 � 1.30 1.21 � 1.36 0.1679

Revision 2.24 � 5.89 2.33 � 6.79 NR 2.04 � 3.37 0.6929

B. Length of stay All patientsa

2011 2.23 � 3.10

2012 2.39 � 2.75

2013 2.29 � 2.83

2014 2.19 � 2.34

2015Q3 2.12 � 1.98

C. 30‐day readmission

Alla Disabled ESRD Elderly

N % N % N % N %

Allb 5575 7.56 4446 8.24 74 12.80 1055 5.50

SG 1836 6.25 1410 6.73 41 12.20 375 4.74

RYGB 3414 9.12 2788 9.83 29 14.87 597 6.71

LAGB 312 4.60 232 5.22 NR NR 80 3.51

D. 30‐day readmission all patientsa

N %

2011 1077 8.09

2012 1089 8.86

2013 1231 7.49

2014 1256 6.98

2015Q3 921 6.73

E. 30‐day mortality

All Disabled ESRD Elderly

N % N % N % N %

Overall 174 0.24 121 0.22 NR NR 53 0.28

SG 51 0.17 31 0.15 NR NR 20 0.25

RYGB 115 0.31 85 0.30 NR NR 30 0.34

F. 30‐days mortality all patients

N %

2011 28 0.29

2012 32 0.26

2013 35 0.21

2014 39 0.22

2015Q3 32 0.23

Abbreviations: ESRD, end stage renal disease; LAGB, laparoscopic adjustable gastric banding; RYGB, Roux‐en‐Y gastric bypass; SG, sleeve gastrectomy.
ap < 0.0001 comparing the difference among procedures.
bp value comparing the difference among procedures.
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studies, the long‐term benefits of bariatric surgery in this population
likely still outweigh the early morbidity after surgery, but thorough

patient selection remains important.

This study was the largest evaluation of bariatric surgery in

patients with disability and patients with ESRD. Interestingly, the

majority of Medicare beneficiaries undergoing bariatric surgery

were classified as disabled; however this percentage has decreased

since the last report in 2009, with over 75% of the patients being

classified as disabled at that time.19 Although this analysis was

unable to evaluate the reasons for disability in these patients, a

number of these patients suffer from obesity related comorbidities

that can render them disabled.39 Bariatric surgery may allow many

of these patients to enter into the workforce and more robustly

impact health care economics. In the present study, patients with

disability had a similar LOS and readmission rate as previously

published patient groups undergoing bariatric surgery.36,37 Mortal-

ity in this group was similar to the elderly patients. The results of

this study predict that bariatric surgery is safe in this group, but

again requires careful patient selection and more evaluation to

evaluate efficacy of surgically driven weight loss and potentially

reenter the workforce.

In patients with obesity and ESRD, bariatric surgery has been

proposed as a potential bridge to transplant as obesity is considered

a relative contraindication.40 A single institution study has demon-

strated that bariatric surgery is effective in this group and may

improve access to transplant.41 Our study demonstrates that there

were significant risks in ESRD patients undergoing bariatric surgery.

Approximately 20% of patients were readmitted within 90 days of

surgery. While bariatric surgery may provide a bridge to transplant in

this population, patient optimization and selection remain important

in this high‐risk group.
The cost effectiveness of bariatric surgery as compared to

nonsurgical treatment can be controversial; however, a number of

studies have demonstrated that long‐term costs are at least

equivalent.42,43 Strategies to decrease the cost of surgery as well as

the cost of readmission could improve the economic effectiveness

of bariatric surgery and provide further incentive to pursue this

treatment in the ever‐expanding Medicare population. The cost of
surgery among this patient group appeared similar to those re-

ported in the nationwide inpatient sample as well as from the

premier database.21,44 The cost of SG has decreased over this time

period while the cost of RYGB has increased. Both procedure

complexity and initial comorbidities are known to increase the cost

of bariatric surgery.45 This may be reflected in the increased cost of

RYGB in this population of Medicare beneficiaries.

While this study was the largest review of bariatric surgery in

Medicare beneficiaries, there are a number of limitations. Unfortu-

nately, it was not possible to identify preoperative BMI or conversion

events. Furthermore, as this is a claims based database, identification

of long‐term efficacy, remission of comorbidities, and safety in this
patient cohort was not possible. Also, all procedures and conditions

TAB L E 3 Breakdown of trends for 30‐, 90‐day readmission
and mortality by year

A. Length of stay by procedure (mean [std])

All Disabled ESRD Elderly p‐Value

All 2.24 (2.62) 2.28 (2.59) 2.54 (2.09) 2.10 (2.12) <0.0001

SG 2.06 (2.31) 2.10 (2.45) 2.27 (1.35) 1.94 (1.93) <0.0001

RYGB 2.54 (2.87) 2.56 (2.67) 3.24 (2.93) 2.46 (3.42) <0.0001

LAGB 1.32 (1.77) 1.34 (1.55) 1.53 (1.30) 1.21 (1.36) 0.1679

Revision 2.24 (5.89) 2.33 (6.79) NA 2.04 (3.37) 0.6929

B. 30‐day readmission by year (N [%])

All Disabled ESRD Elderly p‐value

2011 1077 (8.09) 900 (9.02) 11 (13.92) 166 (5.08) <0.0001

2012 1089 (8.86) 866 (9.36) <11 (>12) 213 (7.20) <0.0001

2013 1231 (7.49) 999 (8.25) 15 (12.10) 218 (5.19) <0.0001

2014 1256 (6.98) 990 (7.68) 11 (6.67) 255 (5.18) <0.0001

2015 921 (6.73) 691 (7.11) 27 (20.61) 203 (5.28) <0.0001

C. 90‐day readmission by year (N [%])

All Disabled ESRD Elderly p‐value

2011 1666 (12.51) 1377 (13.80) 21 (26.58) 268 (8.21) <0.0001

2012 1618 (13.17) 1292 (13.96) 19 (16.94) 307 (10.38) <0.0001

2013 1867 (11.36) 1498 (12.37) 21 (16.94) 348 (8.28) <0.0001

2014 1990 (11.07) 1559 (12.09) 25 (15.15) 406 (8.25) <0.0001

2015 1466 (10.07) 1107 (11.39) 36 (27.48) 323 (8.40) <0.0001

D. 30‐day mortality by year (N [%])

All Disabled ESRD Elderly p‐value

2011 38 (0.29) 26 (0.26) 0 12 (0.37) 0.5445

2012 32 (0.26) 26 (0.28) 0 <11 (<0.21) 0.6928

2013 35 (0.21) 22 (0.18) 0 13 (0.31) 0.2644

2014 39 (0.22) 28 (0.22) 0 11 (0.22) 0.8317

2015 32 (0.23) 19 (0.2) <11 (<0.8) <12 (0.29) 0.2606

E. 90‐day mortality by year (N [%])

All Disabled ESRD Elderly p‐value

2011 56 (0.42) 42 (0.42) 0 14 (0.43) 0.8441

2012 45 (0.37) 34 (0.37) <11 <11 0.4033

2013 52 (0.32) 36 (0.30) 0 16 (0.38) 0.5811

2014 51 (0.28) 36 (0.28) <11 14 (0.28) 0.7351

2015 48 (0.35) 30 (0.31) <11 (<0.8) 17 (0.44) 0.3587

Note: p‐value: comparing the difference among groups of disabled, ESRD
and elderly. One Way Anova or chi‐square test was used depending on
the outcome variable is continuous or categorical variable.

Abbreviations: ESRD, end stage renal disease; LAGB, laparoscopic

adjustable gastric banding; RYGB, Roux‐en‐Y gastric bypass; SG, sleeve
gastrectomy.

182 - WIRTH ET AL.



TAB L E 4 Breakdown of trends for readmission by group, procedure, and year

Percentage of patients had at least one readmission with in 30, 60, or 90 days postoperationa

By study group

Disabled ESRD Elder

Readmission #patients % #patients % #patients %

30 days 4446 8.24 74 12.80 1055 5.50

60 days 5913 10.96 98 16.96 1412 7.36

90 days 6833 12.67 122 21.11 1652 8.61

BY study group and procedure type

Sleeve

30 days 1410 6.73 41 12.20 375 4.74

60 days 1899 9.07 51 15.18 501 6.33

90 days 2207 10.54 63 18.75 597 7.55

Bypass

30 days 2788 9.83 29 14.87 597 6.71

60 days 3672 12.95 39 20.00 796 8.95

90 days 4214 14.86 48 24.62 910 10.23

Banding

30 days 232 5.22 80 3.51

60 days 319 7.17 110 4.83

90 days 383 8.61 140 6.15

BY study group, year and procedure type

2011 Sleeve

30 days NR NR NR

60 days NR NR NR

90 days NR NR NR

Bypass

30 days 748 10.50 119 6.38

60 days 1005 14.11 13 16.46 162 8.68

90 days 1134 15.92 14 17.72 182 9.75

Banding

30 days 136 4.96 40 2.96

60 days 183 6.68 59 4.37

90 days 219 7.99 75 5.56

2012 Sleeve

30 days 43 7.21 20 9.09

60 days 50 8.39 23 10.45

90 days 55 9.23 23 10.45

Bypass

30 days 756 10.11 168 7.82

60 days 974 13.02 12 15.19 215 10.01

90 days 1122 15.00 16 20.25 242 11.27

(Continues)

WIRTH ET AL. - 183



T A B L E 4 (Continued)

Percentage of patients had at least one readmission with in 30, 60, or 90 days postoperationa

Banding

30 days 62 5.53 24 4.20

60 days 90 8.03 31 5.43

90 days 109 9.72 40 7.01

2013 Sleeve

30 days 449 7.46 95 4.53

60 days 603 10.02 11 13.10 130 6.20

90 days 670 11.13 14 16.67 155 7.39

Bypass

30 days 529 9.22 NR 115 6.07

60 days 691 12.05 NR 148 7.81

90 days 792 13.81 NR 179 9.45

Banding

30 days 17 5.38 NR NR

60 days 25 7.91 NR NR

90 days 30 9.49 NR NR

2014 Sleeve

30 days 512 6.51 139 4.71

60 days 693 8.81 12 9.16 180 6.10

90 days 826 10.50 18 13.74 219 7.42

Bypass

30 days 462 9.60 NR 112 6.18

60 days 613 12.74 NR 163 8.99

90 days 707 14.70 NR 180 9.93

Banding

30 days 14 7.87 NR NR

60 days 15 8.43 NR NR

90 days 19 10.67 NR NR

2015Q3 Sleeve

30 days 393 6.15 24 22.22 114 4.38

60 days 538 8.42 28 25.93 159 6.10

90 days 639 10.00 30 27.78 190 7.29

Bypass

30 days 293 9.15 NR 83 7.07

60 days 389 12.15 NR 108 9.20

90 days 459 14.33 NR 127 10.82

Note: Only included patients who had procedures in inpatient setting.

Abbreviations: ESRD, end stage renal disease; NR, not reported due to N < 11.
aChi‐square test was performed.
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TAB L E 5 30‐, 60‐, and 90‐day readmissions

Percentage of patients had at least one readmission with in 30, 60 or 90 days postoperationa

By study group

Disabled ESRD Elder p‐valueb

Readmission #patients % #patients % #patients %

30 days 4446 8.24 74 12.80 1055 5.50 <0.0001

60 days 5913 10.96 98 16.96 1412 7.36 <0.0001

90 days 6833 12.67 122 21.11 1652 8.61 <0.0001

BY study group and procedure type

Sleeve

30 days 1410 6.73 41 12.20 375 4.74

60 days 1899 9.07 51 15.18 501 6.33

90 days 2207 10.54 63 18.75 597 7.55

Bypass

30 days 2788 9.83 29 14.87 597 6.71

60 days 3672 12.95 39 20.00 796 8.95

90 days 4214 14.86 48 24.62 910 10.23

Banding

30 days 232 5.22 80 3.51

60 days 319 7.17 110 4.83

90 days 383 8.61 140 6.15

BY study group, year, and procedure type

2011 Sleeve

30 days NR NR NR

60 days NR NR NR

90 days NR NR NR

Bypass

30 days 748 10.50 119 6.38

60 days 1005 14.11 13 16.46 162 8.68

90 days 1134 15.92 14 17.72 182 9.75

Banding

30 days 136 4.96 40 2.96

60 days 183 6.68 59 4.37

90 days 219 7.99 75 5.56

2012 Sleeve

30 days 43 7.21 20 9.09

60 days 50 8.39 23 10.45

90 days 55 9.23 23 10.45

Bypass

30 days 756 10.11 168 7.82

60 days 974 13.02 12 15.19 215 10.01

90 days 1122 15.00 16 20.25 242 11.27

(Continues)
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T A B L E 5 (Continued)

Percentage of patients had at least one readmission with in 30, 60 or 90 days postoperationa

Banding

30 days 62 5.53 24 4.20

60 days 90 8.03 31 5.43

90 days 109 9.72 40 7.01

2013 Sleeve

30 days 449 7.46 95 4.53

60 days 603 10.02 11 13.10 130 6.20

90 days 670 11.13 14 16.67 155 7.39

Bypass

30 days 529 9.22 NR 115 6.07

60 days 691 12.05 NR 148 7.81

90 days 792 13.81 NR 179 9.45

Banding

30 days 17 5.38 NR NR

60 days 25 7.91 NR NR

90 days 30 9.49 NR NR

2014 Sleeve

30 days 512 6.51 139 4.71

60 days 693 8.81 12 9.16 180 6.10

90 days 826 10.50 18 13.74 219 7.42

Bypass

30 days 462 9.60 NR 112 6.18

60 days 613 12.74 NR 163 8.99

90 days 707 14.70 NR 180 9.93

Banding

30 days 14 7.87 NR NR

60 days 15 8.43 NR NR

90 days 19 10.67 NR NR

2015Q3 Sleeve

30 days 393 6.15 24 22.22 114 4.38

60 days 538 8.42 28 25.93 159 6.10

90 days 639 10.00 30 27.78 190 7.29

Bypass

30 days 293 9.15 NR 83 7.07

60 days 389 12.15 NR 108 9.20

90 days 459 14.33 NR 127 10.82

Abbreviation: ESRD, end stage renal disease; NR, not reported due to N < 11.
aOnly included patients who had procedures in inpatient setting.
bChi‐square test was performed.
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were identified using ICD‐9 and CPT codes. While this allows for
selection of certain procedures, it was not possible to specifically

identify newer procedures including one anastomosis gastric bypass

or endoscopic interventions.

Despite these limitations, this was a robust study of bariatric

surgery safety, morbidity, mortality, and cost in the Medicare popu-

lation of the United States. This study provides insight as to the rates

of readmission in elderly patients with disability, ESRD, and the

elderly. As the Medicare system continues to expand, understanding

the cost and safety profile of these procedures in this population

allows for evidence based decision making underlying the imple-

mentation of health care initiatives.
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TAB L E 6 Multivariable logistic regression for factors
associated with 30‐day readmission

Factors associated with 30‐day readmission

Characteristic Odds ratio

95% odds ratio

confidence limits p value

Procedure

RYGB REF

SG 0.73 0.675 0.79 <0.0001

LAGB 0.513 0.445 0.593 <0.0001

Revision 0.951 0.565 1.598 0.8485

Diagnosis year

2011 REF

2012 0.939 0.849 1.038 0.2186

2013 0.864 0.779 0.959 0.0059

2014 0.813 0.731 0.905 0.0002

2015 0.792 0.705 0.891 <0.0001

Age group

≥65 REF

18–34 1.375 1.165 1.623 0.0002

35–64 1.023 0.902 1.162 0.7203

Gender

Women REF

Men 0.942 0.871 1.018 0.1308

Race

White REF

Black 1.303 1.207 1.406 <0.0001

Others 1.198 1.057 1.358 0.0048

Region

Midwest REF

Northeast 1.159 1.055 1.274 0.002

South 1.035 0.956 1.121 0.396

West 1.126 1.013 1.251 0.0279

BMI

35–39 REF

40–44 1.002 0.9 1.116 0.9711

45–49 1.048 0.938 1.171 0.4026

50–59 1.088 0.977 1.212 0.1226

>60 1.177 1.041 1.332 0.0095

<35/Unknown 0.9 0.676 1.198 0.4697

Comorbidities

Diabetics 1.083 1.01 1.162 0.025

GERD 1.405 1.309 1.509 <0.0001

HLD 1.004 0.933 1.08 0.9203

T A B L E 6 (Continued)

Factors associated with 30‐day readmission

Characteristic Odds ratio

95% odds ratio

confidence limits p value

HTN 1.388 1.252 1.539 <0.0001

CAD 1.292 1.187 1.406 <0.0001

CHF 1.456 1.329 1.595 <0.0001

PAD 1.554 1.357 1.78 <0.0001

COPD 1.273 1.193 1.359 <0.0001

CRF 1.859 1.706 2.026 <0.0001

RA 1.243 1.102 1.403 0.0004

Smoking 1.351 1.242 1.471 <0.0001

Depression 1.479 1.387 1.578 <0.0001

Sleep apnea 1.108 1.029 1.192 0.0065

Abbreviations: BMI, bodymass index;CAD, coronary arterydisease; CHF,

congestive heart failure; COPD, chronic obstructive pulmonary disease;

CRF, Chronic renal failure; GERD, gastroesophageal reflux disease; HLD,

hyperlipidemia; HTN, hypertension; LAGB, laparoscopic adjustable

gastric banding; PAD, peripheral arterial disease; RA, rheumatoid

arthritis; RYGB, Roux‐en‐Y gastric bypass; SG, sleeve gastrectomy.
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TAB L E 7 30‐, 60‐, and 90‐day
mortality

Motality rate with in 30, 60, or 90 days post‐operationa

By study group

Disabled ESRD1 Elder p‐valueb

Death #patients % #patients % #patients %

30 days 121 0.22 NR . 53 0.28 0.2051

60 days 163 0.30 NR . 64 0.33 0.5025

90 days 178 0.33 NR . 71 0.37 0.4136

BY study group and procedure type1

Sleeve

30 days 31 0.15 NR . 20 0.25

60 days 45 0.21 NR . 25 0.32

90 days 49 0.23 NR . 26 0.33

Bypass

30 days 85 0.30 NR . 30 0.34

60 days 111 0.39 NR . 36 0.40

90 days 121 0.43 NR . 41 0.46

Abbreviation: ESRD, end stage renal disease.
aOnly included patients who had procedures in inpatient setting.
bChi‐square test was performed.

TAB L E 8 Factors associated with 30‐day mortality

Factors associated with cost of procedure

Characteristic Odds ratio

Odds ratio

95% CI p‐value

Procedure

RYGB REF

SG 0.87 0.86 0.88 <0.0001

LAGB 0.73 0.72 0.75 <0.0001

Revision 0.89 0.83 0.95 0.0005

Diagnosis year

2011 REF

2012 1.03 1.02 1.05 <0.0001

2013 1.04 1.02 1.05 <0.0001

2014 1.03 1.02 1.05 <0.0001

2015 1.05 1.04 1.07 <0.0001

Age group

≥65 REF

18–34 0.96 0.94 0.98 <0.0001

35–64 0.98 0.97 1 0.0493

Gender

Women REF

Men 1.03 1.02 1.04 <0.0001

T A B L E 8 (Continued)

Factors associated with cost of procedure

Characteristic Odds ratio
Odds ratio
95% CI p‐value

Race

White REF

Black 1.06 1.05 1.07 <0.0001

Others 1.04 1.03 1.06 <0.0001

Region

Midwest REF

Northeast 0.96 0.94 0.97 <0.0001

South 0.89 0.89 0.9 <0.0001

West 1.07 1.06 1.09 <0.0001

BMI

35–39 REF

40–44 1.01 1 1.02 0.0743

45–49 1.03 1.02 1.04 <0.0001

50–59 1.03 1.02 1.04 <0.0001

>60 1.12 1.11 1.14 <0.0001

<35/Unknown 1.12 1.08 1.16 <0.0001

Comorbidities

Diabetics 1.03 1.02 1.04 <0.0001

GERD 1.01 1 1.01 0.2073
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TAB L E 9 Factors associated with adjusted cost ratio for

surgical intervention

Adjusted cost ratio

Characteristic Odds ratio

95% odds ratio
confidence

limits p value

Study group

Elderly REF

Disabled 1.01 1.03 1.00 0.0805

ESRD 0.98 1.02 0.94 0.3588

Procedure

RYGB REF

SG 0.87 0.87 0.86 <0.0001

LAGB 0.73 0.74 0.72 <0.0001

Revision 0.85 0.90 0.81 <0.0001

Diagnosis year

2011 REF

2012 1.03 1.04 1.02 <0.0001

2013 1.04 1.05 1.03 <0.0001

2014 1.03 1.04 1.02 <0.0001

2015 1.05 1.06 1.03 <0.0001

Age group

≥65 REF

18–34 0.95 0.97 0.93 <0.0001

35–64 0.98 1.00 0.97 0.0159

T A B L E 8 (Continued)

Factors associated with cost of procedure

Characteristic Odds ratio

Odds ratio

95% CI p‐value

HLD 0.99 0.98 1 0.1438

HTN 1.01 1 1.02 0.1542

CAD 1.01 1 1.02 0.0464

CHF 1.08 1.07 1.1 <0.0001

PAD 1.08 1.06 1.1 <0.0001

COPD 1.04 1.03 1.05 <0.0001

CRF 1.12 1.11 1.14 <0.0001

RA 0.99 0.97 1 0.1053

Smoking 0.99 0.98 1 0.1265

Depression 1 0.99 1.01 0.9325

Sleep apnea 1.05 1.04 1.05 <0.0001

Abbreviations: BMI, bodymass index; CAD, coronary artery disease; CHF,

congestive heart failure; COPD, chronic obstructive pulmonary disease;

CRF, chronic renal failure; GERD, gastroesophageal reflux disease; HLD,

hyperlipidemia;HTN, hypertension; LAGB, laparoscopic adjustable gastric

banding; PAD, peripheral arterial disease; RA, rheumatoid arthritis; RYGB,

Roux‐en‐Y gastric bypass; SG, sleeve gastrectomy.

T A B L E 9 (Continued)

Adjusted cost ratio

Characteristic Odds ratio

95% odds ratio

confidence
limits p value

Gender

Women REF

Men 1.03 1.04 1.02 <0.0001

Race

White REF

Black 1.06 1.07 1.05 <0.0001

Others 1.05 1.06 1.03 <0.0001

Region

Midwest REF

Northeast 0.96 0.97 0.95 <0.0001

South 0.90 0.91 0.90 <0.0001

West 1.07 1.08 1.05 <0.0001

BMI

35–39 REF

40–44 1.01 1.02 1.00 0.0262

45–49 1.03 1.04 1.02 <0.0001

50–59 1.04 1.05 1.03 <0.0001

>60 1.13 1.14 1.11 <0.0001

<35/Unknown 1.10 1.13 1.08 <0.0001

Comorbidities

Diabetics 1.03 1.03 1.02 <0.0001

GERD 1.01 1.02 1.00 0.0024

HLD 0.99 0.99 0.98 0.0007

HTN 1.00 1.01 0.99 0.9635

CAD 1.01 1.02 1.00 0.0797

CHF 1.11 1.12 1.10 <0.0001

PAD 1.08 1.09 1.06 <0.0001

COPD 1.04 1.04 1.03 <0.0001

CRF 1.12 1.14 1.11 <0.0001

RA 0.98 1.00 0.97 0.028

Smoking 0.99 1.00 0.98 0.2483

Depression 1.00 1.01 1.00 0.512

Sleep apnea 1.03 1.04 1.03 <0.0001

Abbreviations: BMI, body mass index; CAD, coronary artery

disease; CHF, congestive heart failure; COPD, chronic obstructive

pulmonary disease; CRF, chronic renal failure; ESRD, end stage

renal disease; GERD, gastroesophageal reflux disease; HLD,

hyperlipidemia; HTN, hypertension; LAGB, laparoscopic

adjustable gastric banding; PAD, peripheral arterial disease; RA,

rheumatoid arthritis; RYGB, Roux‐en‐Y gastric bypass; SG, sleeve
gastrectomy.
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